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experiments on the value of greensand as a 

SOURCE OF POTASSIUM FOR PLANT CULTURE* 

By RODNEY H. True, Physiologist in Charge, and Fred W. Oeise, Scientific Assistant 
Drug-Plant, Poisonous-Plant. Physiological, and Fermentation Investigations, Bureai 
of Plant Industry, United Stales Depariment of Agriculture 

HISTORICAL INTRODUCTION 

The practice of applying to farm lands deposits known under the 
broad term “marl" has a long history both in Europe and in America, 
Among those deposits occurring in the Atlantic coastal region from New 
Jersey to Virginia are the so-called "greensands” which soon after the 
American Revolution came into extensive use as fertilizers, These 
greensands were sometimes found as relatively pure glauconite, but 
perhaps oftener contained more or less abundant quantities of fossil 
shells. The lime component was frequently sufheient to give to these 
deposits the character of real marls. 

Analyses of New Jersey greensands made by Seybert ' in 1S22 showed 
that iron, silica, and potash are present in pure greensand. Samples of 
greensand marl were found to contain in addition varying quantities of 
lime, phosphates, and other constituents. The value of these deposits 
as fertilizers was variously ascribed by different investigato’rs to the 
lime, the iron, and the phosphates present. Since, however, it was not 
definitely determined until tlie early sixties that potassium is necessary 
for plant growth, the presence of this element could be only su.spccted 
to have connection with the valuable properties observed. 

That great gains were seen in crops following the application of green- 
sands and of greensand m^rls was the usual e.xperience, and the practice 
of "marling” during the quiet winter months became the nile in those 
parts of New Jersey and Virginia in which the deposits were easy of 
access. This practice grew to very great proportions in a number of 
regions, railroads even being built in New Jersey to haul marl from pits 
yielding a product of high reputation out into the adjacent country. 

The digging and carting of these heavy deposits, however, was a 
severe drain on labor, and when in the sixties concentrated soluble 
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fertilizers were introduced the use of these marls quickly fell oil. ^ 
the present day they are practically neglected. 


DISTRIBUTION AND NATURE OF GREENSAND DEPOSITS 

These deposits occur most abundantly in the Atlantic coastal plaij 
lying on the seaward side of the “fall line,” where they are oftentimes 
extensively exposed by the rivers which cut this line. The most impor- 
tant greensand deposits of the eastern States extend from Navesink 
Heights near Red Bank, N. J., in a southwesterly direction to a reoion 
below the James River southeast of Richmond. 

The materials vary in appearance from greenish black when the 
greensand is fairly pure to a grayish color, which is determined by tlic 
proportion of shells and sand present. Greensand (glauconite) can 
usually tie demonstrated as small rounded grains, black or greenish in 
color, present in the earth embedding the shells as a matrix and filling 
the hollows of the shells. The grains leave a green streak when rubbed 
on hard paper with a knife blade. 

Especially prominent in many Virginia deposits is an overlying layer 
of somewhat different character, called by Edmund Ruffin "olive earth.” 
This material, while not a greensand deposit, must be considered prac- 
tically as a part of it, since it must usually be dealt with before the 
underlying greensand deposits can be reached. These olive earths 
frequently contain sufficient quantities of calcium carbonate and phos- 
phates to give them considerable value. 


CHEMICAL COMPOSITION OF GREENSAND DEPOSITS 

Typical deposits from both New Jersey and Virginia were collected 
for this work and analyzed with special reference to the constituents 
generally recognized as having major importance for plant growth,' 
The materials used in the culture experiments reported below gave the 
results seen in Table I. 


^ Mr. Otis F. Black, Cbcmicat Biologist, and Mr. Juoes W. Kelly, CbcmJcal Technician, of this Office, 
made the analyses. 
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TabIS 1.— Analyses of greensand deposits used in experiments 


' 




Potassium oxid. 

Material. 

Calcium 

tndd. 

Phospho- 

rus 

peotoxid. 

Sulphur 

trioxid. 

Soluble 
in dilute 
hydro, 
chloric 
acid. 

Total 

potas- 

sium 

oxid 

present. 

I. Greensand, Courtland, Hanover 

Pff cent. 

0- 33 

>• 75 

7* 45 

Per cenl. 
0. t6 

-95 

1.25 

•17 

■33 

•35 

Per cent. 

Per cent. 

Per cent. 

2 . Greensand, Red Bank, Monmoutli 

Trace. 

Absent. 

■50 

2.65 

6. 80 

6. 10 

1.85 

S' 76 

X. Greensand marl. Red Bank, Mon- 

7 - 63 

4 Greensand marl, Hanover County, 
Va 

6. 77 

r. Greensand marl, near Tunstall, New 


2. 16 

Greensand marl, mixture of equal 

ttx 85 

■ 38 

33 

I. 60 

I. 52 


I. 84 


EXPERIMENTAL METHODS 


The purpose of the experimental work reported here was to ascertain 
whether these deposits are capable of serving as a useful source of potas- 
sium for growing plants, and if so, how promptly the potassium becomes 
available. It is shown clearly in the above analyses and in scores of 
others to be found in the extensive literature that potassium is present 
in greensands in considerable quantity, but earlier investigations tended 
to show that it is present in the form of a rather stable silicate the avail- 
ability of which for plant uses has been called in question.’ 

In order to gain time and the better to control conditions of work, pot 
experiments were carried out in the greenhouses of the department dur- 
ing the past winter (1917-18). Glazed earthen pots of the ordinary 6- 
inch type were first used, but it was found that the glazing was usually 
checked by many fine cracks which reached through the surface of the 
glaze. The pots themselves were found to furnish soluble impurities, 
among them potassium compounds, in such quantities as led to the aban- 
donment of this type of container. Common porous pots, well soaked 
in hot paraffin, the surplus of which was quickly drained off while still 
hot, gave satisfactory results. The saucers were treated in the same way. 

The purest obtainable sand was used as a solid medium. A grade 
known as “crushed quartz” was found to be satisfactory when submitted 
to rather searching tests. 

The best chemicals were used in making up the culture solutions. 

In view of the fact that the problem was expected to give results of 
pactical value, wheat {Triticum aesthmm) and red clover (Trifolium 
mtense) were chosen as suitable test plants. 

not ^ nature that Ihe plant 's operations are 

^ limits which prevail in chemical-laboratory tests, und reactions that are difficult in the 
•restunetimes easily performed by the living ijbnl . 
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As a source for the necessary nutrient salts a formula of culture solu 
tion worked out by Shive ' for wheat was made use of. Since no simi 
larly tested formula for clover culture was available, the same solution 
was used for the clover experiments. Shive's solution (RjC^) was aadj 
up on the following basis: 

Pbtasaum phosphate (KHjPO*) o.oi&o mole in i liter of solution. 

Calcium nitrate (Ca(NOs)j] 0052 mole in i liter of solution. 

Magnesium sulphate (MgSO*) 0150 mole in i liter of solution. 

All salts are calculated as water-free. 

In this solution we should expect to have wliatever mineral materials 
are necessary for wheat plants in proportion and concentration found by 
culture test to be most fitting. 

To get a standard with which to compare the results obtained with the 
marls, a series of culture solutions was made up on the basis of Shive’s 
solution so modified as to supply the potassium in the form of the com- 
mon salts of commerce. These in very impure form have furnished a 
large part of the potassium present in the commercial fertilizers of the 
past and should give results up to which marls should measure if they 
are to be substituted for these salts as equally satisfactory sources of 
^^cultural potassium. 

It is well known that potassium absorption is greatest during the time 
when increase in volume is the predominant feature of plant develop- 
ment; hence, chiefly during the earlier stages of the life of the plants, 
The experiments, therefore, were not continued to maturity, the crop 
being harvested and dried for a)raparison after a growth period of eight 
weeks from the planting of the seed. 

The pots, nearly filled with sand, were well watered with the desired 
culture solutions in case all constituents were soluble, and the seeds of 
wheat or red clover were immediately planted. The use of a surplus of 
solution was avoided in order that materials might not be washed down 
into the saucers and beyond the reach of the plants. 

In the case of the slowly soluble greensands the quantity of material 
needed was weighed out and thoroughly mixed with the dry sand, 'fhese 
mixtures were put into the pots and irrigated with culture solutions from 
which all sources of potassium were omitted. It was hoped in this way 
to find out whether the greensand materials could yield useful potassium 
rapidly enough to permit the plants to make growth. Control cultures 
in which all nutrients but potassium were present gave a measure of the 
gain resulting from the presence of the salt or of the greensand. Other 
controls with complete culture solutions, which would be expected to 
3deld the most favorable results were provided. 

* SeiVB, John W. a thxsS-sai.t nvtriskt solution pok plants. In Am«r. Jour. Dot., v. a, no. 4. 
p. IS9- I9»s- , 

A STUDY OP PHYaOUKMCAL 8ALAMCS IN NUTRIENT MEDIA. In tuysiol. Researches, V, I, 

p. 3Jr397. isfi*. 1915- 
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RESULTS WITH POTASSIUM SALTS 

Culture solutions containing potassium, whether supplied in the 
form of the common salts or as greensands or marls, were made up on 
the basis of the number of pounds of potassium supplied to a volume of 
soil having a surface of 1 acre and a depth of i foot. In the case of the 
slowly soluble deposits this gives a measure of direct applicability. For 
the salt solutions the relation is iess usual, but is still a practicable way 
of calculating concentration. The potassium content in each case was 
calculated on the quantity known by anaiysis or formula to be present, 
solubility not being considered. 

In Table II are given data showing the growth made by Turkey Red 
wheat and red clover in a seriesof pot sand cultures in which the potassium 
demand was supplied by the common salts. The concentration of potas- 
sium in each culture is given in the number of pounds applied per acre- 
foot. The weights of wheat tops and red-clover tops in an air-dry con- 
dition are given in other columns. The plants were harvested eight 
weeks after planting (see PI. 33). 


Table H .— of (h^ gro-wth of -wfuai and nd clover in quariz-sand cultures, uirt 
potassium supplied by common soluble salts 


Qaart2 sand plus potassium sources. 

Fufashium 
(pounds per 
aa«}. 

Wheat tops 
(air-dry). 

Red-clover lops 
(air-dry). 

Control: 


Cm. 

C»m. 

Culture solution (no potassium) 

0. 0 

®- 75 


Shive solution complete 

J 03-7 

2. 09 

2. 84 

Potassium nitrate (KNOj) 

88.6 

3. 22 

2.71 

Do 

43 .V 2 

2. 62 

1-75 

Do 

866.4 

2. 21 

I. 21 

Do 

1,772.8 

2. 10 

•25 

Do 

2, 659. 3 

.84 

. 00 

Total 


10. 99 

5-92 

Potassium phosphate (KHjPO^) 

88.6 

1-95 

I. 5 o 

Do 

433-2 

1-37 

I. 88 

Do 

866.4 

I. 44 

.80 

Do 

1, 772. 8 

.92 

. 20 

Do 

2,659.3 

•25 

. 00 

Total 


3 - 93 

4. 68 

Potassium chlorid (KCl) 

88.6 

1-35 

I. 00 

Do 

433 - 2 

r- 35 

•59 

Do 

866.4 

I- 65 

.6g 

Do 

1, 772.8 

I. 20 

•63 

Do 

2,659-3 

•97 

•32 

Total 


6. 52 

3 - 23 

Potjssium sulphate (K,SO.) 

Do. .. 

88.6 

1. 10 

.66 

433- 2 

1 - 53 

- 70 

Do, . 

866. 4 

I. 36 

i ®3 

Do 

1,772.8 

I. 17 

•50 

Do. .. 

2,659.3 

■95 

•05 

Total 


6, 11 

2,94 
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In the control solutions, a rough idea of the growth that can be made 
on the reserve potassium stored in the seeds is shown in the first line 

which sand and a nutrient solution containing no potassium were present 

In the second line the development made in the complete Shive culture 
solution gives what should be a maximum result. It is but fair to point 
out that in working out this formula Shive used wheat, for which it 
was the most favorable combination he obtained. It is quite possible 
that red clover might prosper better in a somewhat different combination 
Since, however, no carefully worked out data,^ such as Shive has given 
for wheat, were known for clover, it was decided to use the same solution 
for both plants in the belief that this same solution would be favorable 
though perhaps not the most favorable that might be found. 

As a general outstanding feature of this series it will be noted that 
grovrth decreases as concentration increases. This seems to indicate that 
the concentrations lie between the maximum and the toxic, contrasting 
sharply, as will be seen, with the slowly soluble marls and greensands, 
A number of cases seem to call for comment. 

For both the potassium-nitrate and potassium-phosphate series it 
seems likely that the minimum concentration of 88.6 pounds of potassium 
per acre is the most favorable one offered for wheat, the increase in 
quantity of salt being accompanied by a decreasing growth. In the. case 
of the clover 433.2 pounds of potassium, offered as potassium phosphate, 
is a little more favorable than 88.6 pounds, indicating that neither of 
these quantities is injuriously high. 

It may be noted that in all nitrate cultures except the most concen- 
trated the growth of the Sliivc control is equaled or exceeded, whereas in 
no clover culture was the control quite equaled. 

In the case of potassium chlorid and potassium sulphate a somewhat 
different result appears. In no culture with either wheat or clover con- 
taining jither salt was the growth made in the Shive control equaled. 
A further point of interest lies in the fact that the maximum growth of 
wheat was found in higher concentrations, 866.4 pounds of potassium 
in potassium chlorid and 433.2 pounds in potassium sulphate, indicating 
that the most favorable concentration lies somewhere in the range here 
covered and that reduced growth in the less concentrated members of 
the series is not due to harmful concentration of salts. In the case of 
the clover the best result with potassium chlorid is seen in the greatest 
dilution, and a more favorable result still might have been gained had a 
still smaller quantity of this salt been used. In the case of potassium sul- 
phate the best result is seen in higher concentration, 866.4 pounds per 
acre. 

Since the two latter salts have a greater commercial significance m 
connection with the commercial potassium supply, it is of especial 1111 
portance to note the results following their use. 
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It is clear that potassium nitrate is able to supply somcthinj tliat '.iv s 
this salt an advantage clearly not derived from the potassium content 
solely. It is probable that the nitrate ion contributed a favorable action 
lacking to the other potassium salts used. 

As a practical means of meeting the potassium need this could hardly 
be considered a practicable resource tinder present conditions. 

results with greens.ands and greensand m.vrls 

A chemical study of the composition of greensand deposits shows a 
^de variation not only in the materials present but likewise presents 
almost every possible combination in proportions present. While potas- 
sium, silica, and iron are ever-present constituents of glauconite, with it 
are oftentimes found sulphates and phosphates, the latter sometimes in 
considerable quantity. Calcium, usually present, is, of course, a major 
constituent in the marl types. 

It is obviously difficult to get a strict basis of comparison between these 
complex mixtures of slowly-soluble materials and the readily-soluble 
pure salts above reported. It was hoped, however, that this might be 
done by supplying in the culture solutions with which the pots contain- 
ing these sand and marl mixtures were watered sufficient phosphates 
and sulphates to supply the necessary demand of the rather sparse 
plantings made m the pots. Such necessary constituents present in 
quantities sure to be sufficient to satisfy the demands of the plants would 
tend to reduce or efface the influence of additional quantities of these 
substances added in the marls. The only required constituent not pres- 
ent in the basic culture solution would be potassium, which would of 
necessity be drawn by the plants from the marls or greensand, if they 
were to get them anywhere. 

After deposits from several regions, chiefly from Virginia and New 
Jersey, had been collected and analyzed, certain typical deposits from 
both States were selected for use in these experiments. Two samples 
called “greensand,” bccau..c of the low' lime content were selected, one 
from each State. Two samples of "greensand marl,” containing from 
7.45 to 12.50 per cent of calcium oxid were also used, one from New 
Jersey and a mixture of equal parts of two from Virginia. All are low 
in phosphates and sulphates and vary widely in their potassium content. 

In making up the cultures in the manner already described, the quan- 
tities of marl taken cover the rates of application customary in the days 
of “marling.” The potassium present was calculated, not on the more 
readily available portion extracted with dilute hydrochloric acid but 
on the total potassium present, determined by the hydrofluoric- acid 
method.' 


Hlots, William B.. and Baicky. Reginald K. MBraoDS or AJJAIYSIS OF GREESSASD . /nU.S.Geol. 
S»Y"yBnl.«n.B,p. 5 A, 1917. 
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In Table III appear the results obtained with wheat and red dovet 
recorded as in Table I (see PI. 34). 

Table III . — Results of tke growth ef wheat and red clover in quarts-sand cultures, u^fjf 
potassium supplied by greensand and greensand marls 


Quart! sand plus potasnom sources. 

Fotassium in 
pounds per 
acre. 

Wheat toi>s 
(air dry). 

Red clovtx 
tops (air 

‘iry). 



Gm. 

0. 75 

1. 09 

Cm, 


103.7 

2-43 
a. 84 


Courtland, Va., greensand: 

88. 6 

1.23 
I. 14 
.40 



433 ’ 2 
866,4 
I. 772 . 8 
2.659.3 

■H 


■ 08 


Deid,’* 

Dead. 


. 2X 




3- 20 

*■77 



Pamunkey Valley, Va., shell marl; 

30*5 

152-5 

305- 0 





*■37 

2.05 

1.82 

1.87 


I, 781 

*•95 1 
2. 12 ; 



915.0 




8' 97 







.96 

1. 98 ; 

■47 
1, 49 


« 3 - 7 


Red Bank, N. J., greensand, lower layer: 





633 0 

1-95 

2, 60 

~ r 


2, 532. 0 
3 . 79 «-o 

3. 27 
2. 02 

I 


*■ 52 




10. 83 

t.J 2 



Red Bank, N. J., marl, tipper layer; | 

112. 3 
561. 0 
1, 123. 0 
3, 246. 0 1 

3. 3 ^' 0 


.82 





I. 96 

1.87 




2. 07 

2. 10 





8. S 4 

9. 82 





The work reported in Table III was carried out in two series, the 
Courtland greensand and Pamunkey shell marl with their controls, pre- 
ceding the experiment with the two Red Bank deposits and their con- 
trols. It is believed, however, that all may be compared, since the 
surrounding conditions were subject to no significant variation. 

It will be noted that, owing to the widely varying potassium content 
of these deposits, the same tonnage applied gave widely different quanti- 
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Jies of potassium. These values are indicated as before in terms of 
pounds of potassium per aere-foot. 

On recalling the experiments with potassium-containing salts (Table 
II), it will be remembered that the greatest weight of tops was usually 
seen in the weaker solutions, falling off as the concentration was in- 
creased. This was regarded as being due to the harmful action of the 
excess salts. 

Here the case is in general the opposite, the weight of tops increasing 
as the quantity of marl or of greensand increases. This may be inter- 
preted as being due to the increasing quantity of potassium obtained by 
the plants from the greater surface of the potassium-yielding particles. 
It seems probable that in all cases except in that of the Courtland green- 
sand the potassium demand is fully satisfied in the cultures containing 
the maximum quantity of both greensand and marl, in all three cases 
the plants approaching or exceeding in growth the corresponding control 
in Slave's complete solution. 

It will be further noted that even where smaller doses of marl are used 
(i to 5 tons per acre-foot) the yield often exceeds the result obtained 
with potassium salts in their most favorable concentration. Thus the 
poorest yield with Red Bank greensand (1.59 gm. of tops with an applica- 
tion of I ton per acre-foot, containing 126 pounds of potassium) exceeds 
the yield obtained with potassium sulphate (1.53 gm. with 433.2 pounds of 
the potassium per acre-foot), and almost equals the best yield with po- 
tassium chlorid (1.65 gm. with 866.4 pounds per acre-foot). 

In all cases (Courtland greensand e.xcluded) the best results mth marls 
and greensands exceed the best results with potassium salts (potassium 
nitrate excepted). 

A comparison of the total growths made in each series of cultures helps 
to give an idea of the value of each material in the quantities here used. 
Such a summary is given in Table IV. 


Tablx IV. — Total -weights fjJ wiKat and red clover in potassium salts and greensand marl 


Material. 

Potassium salts — 
Air-dry tops. 


Greeasaud 

marl— Air-dr>' 

tops. 


Wheat. 

R«d 

clover. 


WTicat 

Reil 

clover. 

Potassium nitrate 

Gtn. 

10.99 

5-93 

Gro. 

S- 92 

4.68 
3 - 23 

2. 94 

Courtland, Va,, ^eensand . 
Red Bank.N.J., greensand 
Pamunkey Valley, Va,, 


Gm. 

Potassium phosphate 
Potassium chlorid 

10, Sj 

8. 72 

Potassium sulphate 

6 . II 




Red Bank, N.J., marl 

8. 54 

9. 82 
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While the growth made in cultures in which the potassium demand is 
satisfied by greensand deposits (the poisonous Courtland greensand ex- 
cepted^ .s ir-arkedly superior to that contained in cultures containing the 
commoner potassium salts (potassium nitrate excepted), it must be 
remembered that in the case of the salts a majority of the cultures con- 
tain an excess of salts, whereas in the mar! and greensand cultures the 
concentration rarely exceeds the optimum and probably still less often 
attains it. 

Concerning Courtland greensand, so often excepted in the above dis- 
cussion, it may be said that this deposit has been found to belong to the 
unusual class of so-called “poisonous marls.” Since this is a very 
unusual cose and one not likely to be often encountered, it is sufficient 
to say that ground limestone added at the rate of a ton or more to the 
acre seems likely to render this greensand a useful fertilizer when applied 
at the rate of i to 5 tons per acre. 

CONCLUSIONS 

It has been shown by pot experiments carried out with crushed quartz 
and Shive’s culture solution as a basis that greensands and greensand 
marls from Virginia and New Jersey are able to supply sufficient potas- 
sium to satisfy the demand of Turkey Red wheat and red clover during 
the first two months of their growth. This enables them to make a greater 
dry weight of tops than was seen in similar cultures in which the potassium 
demand was supplied by potassium chlorid, potassium sulphate, and 
potassium phosphate. The prompt avmlability of sufficient potassium to 
meet the needs of many, perhaps most, farm crops seems to be indicated. 




PtATE 33 

Sand cultures with potassium salts: 

A. — I, Turkey Red wheat. Pota^um supplied in potassium nitrate. 

I , Control in culture solution <xmtaining no potassium. 

3 , Control culture in complete Shive solution (R^Cj). 

3, Cultxire solution, 88.6 pounds of potassium per acre. 

4, Culture solution. 433.2 pounds of potassium per aae. 

5, Culture solution. $^.4 pounds of potassium per acre. 

6, Culture solution, 1,772.8 pounds of potassium per acre, 

7, Culture solution, 2,659.3 pounds of potassium per acre. 

II, Red clover. Potassium supplied in potassium nitrate. Individual cul- 
tures as above indicated . 

B. — I, Turkey Red wheat. Potassium supplied in potassium chlorid. Individual 

cultures as above indicated. 

II, Red clover. Potasnum supplied in potassium chlwid. Individual cul- 
tures as above indicated. 

C. I, Turkey Red wheat. Potassium supplied in potassium sulphate. 

il, Red clover. Potassium supplied in potassium sulphate. Individual 
cultures as above indicated. 








PLATE 34 

Cultures with greensand deposits; 

A. — Red clover. Potassium supplied in greensand deposits from Red Bank, N. J. 

I, Series with greensand marl from upper stratum. 

II, Series with greensand from lower stratum. 

I— I, Control culture solution containing no potassium. 

H— I, Control culture. Complete Sbive solution (RjCj). 

1—2, Culture solution lacking potassium, plus i ton of greensand marl 
per acre-foot. 

II-2, Culture solution lacking potassium, plus t ton of greensand per 
acre-foot. 

1—3, Culture solution lacking potassium, plus 5 tons of greensand marl 
per acre foot. 

II— 3, Culture solution lacking potassium, plus 5 tons of greensand per 
acre-foot, 

1—4, Culture soluUon lacking potassium, plus 10 tons of greensand 
marl per acre-foot. 

II— 4, Culture solution lacking potassium, plus 20 tons of greensand per 
acre-foot. 

1—5, Culture solution lacking potassium, plus 20 tons of greensand marl 
per acre-foot. 

II— S. Culture solution lacking potassium, plus 20 tons of greensand per 
acre-foot. 

1 — 6 , Culture solution lacking potassium , plus 30 tons of greensand marl 
per acre-foot. 

11 — 6 , Culture solution lacking potassium, plus 30 tons of greensand per 
acre-foot. 

B. — Ttirkey Red wheat. Potassium supplied in greensand deposits from Red 

Bank, N. J. Designations of series and of individual cultures 3 s above. 

C. — I, Turkey Red wheat. Potassium supplied in greensand marl from Pa« 

munkey Valley, Va. 

J, Control. Culture solution containing no potassium. 

2, Shive solution, complete. 

3, Culture solution lacking potassium, plus 1 ton of greensand marl per 

acre-foot. 

4, Culture solution lacking potassium, plus 5 tons of greensand marl per 

acre-foot. 

5, Culture solution lacking potassium, plus 10 tons of greensand marl 

per acre-foot. 

6, Culture solution lacking potassium, plus 20 tons of greensand marl 

per acre-foot. 

7, Culture solution lacking potassium, plus 30 tons of greensand marl 

per acre-foot. 

II, Red clover. Potassium supplied in greensand marl from Pamunkey Val- 
ley, Va. Designations of individual cultures as in C-I. 




effect of farm manure in stimueating the 

YIELDS OF IRRIGATED FIELD CROPS 

By C. S. SCOF1E1.D 

/nmcullurist in Charge, Weslan Irrigation Agriculture, Bureau of Plant Indmtre 

^ UniUd States Department of Agriculture 

LOCATION OF THE EXPERIMENTS 

The experiments reported in this paper were conducted at three field 
stations operated by the Bureau of Plant Industry. These stations are 
all located in the northern Great Idains and fairly represent conditions 
in that portion of the area lying in the eastern parts of Wyoming and 
Montana and in the western parts of Nebraska and South Dakota. 

The three stations are as follows: (i) The Scottsblull Station,* located 
on the North Platte Reclamation Project, north of Scottsbluff and east 
of Mitchell, Nebr.; (2) the Belle Fourche Station, located on the Belle 
Fourche Reclamation Project, about 30 miles east of Belle Fourche, 
near the town of Newell, S. Dak.; (3) the Huntley Station,* located on 
the Huntley Reclamation Project about 20 miles east of Billings, near 
the town of Huntley, Mont. 

Each of these stations represents a large section of irrigated land, not 
only that included within the limits of individual reclamation projects 
but even more extended areas which are adjacent in the same drainage 
basins. The climate of the whole section is essentially semiarid in char- 
acter, with an average annual precipitation of about 14 inches, most of 
which occurs in the spring and early summer, and with a frost-free grow- 
ing season of about 125 days. The altitude of Scottsbluff is 4,000 feet, 
while Belle Fourche and Huntley arc both 3,000 feet above sea level. 

AGRICULTURAL AND SOIL CONDITION'S OF THE REGION 

Tire agriculture of the region is relatively new, there having been very 
little crop production prior to 1 890, and the present era of development 
may be said to have begun about 1900. During the 30 years or more 
preceding the beginning of crop production, the region was utilized 
chiefly as range land for cattle and horses. In recent years, despite the 
extension of dry-farming and irrigation, the use of the range lands for 
live-stock production has continued, and this industry remains an impor- 
tant one throughout the region. 

' Th* wotIe of Ulis fieU stxtlotl is amductnl ami supported cooperatively by the United States Depart- 
mrat ol Agriculture and the Xebiaska State Experimeat Station. 

■ work at this field sUlioo is conducted and supported cooperaliwly by the United States Depart- 
®«iit Agriculture and the Montana State Experiinenl Station. 
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The more important crops of irrigated lands of the region are alfalfj 
(Medicago saliva), cereals, including com [Zea mays), oats (Avena saliia] 
wheat {Triticum aestivum), and barley (Hordeum spp.), sugar beets 
(Beta vulgaris), and Irish potatoes (Solatium tuberosum). On the three 
reclamation projects referred to above, comprising 150,000 acres, these 
crops occupy nearly 90 per cent of the land, in the following proportions 
Alfalfa, 43 per cent; cereals, 31 per cent; sugar beets, 10 per cent, a,|j 
potatoes, 3 per cent. 

The soils are generally very productive, and, notwithstanding the 
hazards of occasional hail storms and of the occurrence of insect pests 
and plant diseases, abundant crops are produced. The North Plape 
Project, which includes the Scottsbluff Station, has a light sandy soil 
which takes water readily and is subject to wind erosion when left 
exposed without a plant cover. The Belle Fourche soil is a heavy black 
clay, very plastic when wet, becoming friable on drying, when large 
shrinkage cracks are formed through which water penetrates the dry soil 
rapidly. The soil at Huntley is not quite so heavy as that at Belle 
Fourche, though it would be classed as a clay loam. It is very produc- 
tive, except where the salt content is too high. 


DESCRIPTION OF THE EXPERIMENTS 


The experiments here discussed arc a part of a large series of rotation 
experiments conducted under irrigation at each of the three stations. 
These rotation experiments were started with the crop season of 1912 
and have been continued without modification. The field plots include 
X acre each. These are laid out in series which are separated by 40-foot 
roads, and the plots in the series are separated by 5-foot alleys. The 
plots at Scottsbluff are 132 feet long by 82.5 feet wide. Those at Belle 
Fourche are 264 feet long by 41.25 feet wide, and those at Huntley arc 227 
feet long by 48 feet wide. 

The present paper deals only with the effect of manure on the yields 
and qualities of two crops, sugar beets and potatoes, at tjie three stalions 
for the 6-year period 1912 to 1917. The results are based on five pairs of 
rotations, the two members of each pair differing from each other only in 
that f ami manure is applied annually, at the rate of 1 2 tons per acre, to 
one crop in one rotation, and no manure is applied to the other rotation. 
Each rotation occupies as many plots as there are years in the cycle, so 
that each crop is represented each year. The crops and sequences 
involved in the 10 rotations are as follows: 


Rotation 20: Potatoes; sugar beets. 
Rotation 21; Potatoes (manured); sugar 
beets. 

Rotation 23: Oats; sugar beete. 

Rotation 23: Oats; sugar beets (manured). 
Rotation 24: Oats; potatoes. 

Rotation 25: Oats; potatoes (manured). 

Rnfafinn -s/^• Pr>to*/vae- /vote* o..uro«* 'K.vato 


Rotation 31: Potatoes; oats; sugar beets 
(manured). 

Rotation 60: Potatoes; oats; sugar beets; 
alfalfa, fiist year; alfalfa, second year; 
alfalfa, third year. 

Rotation 61: Potatoes; oats; sugar beets 
(manured): alfalfa, first ye.ar; alfalfa. 

-.r/.or- olfolfn third VCaT. 
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With respect to any given plot the same crop recurs with each cycle 
of the rotation. Thus in the six years since 1912 the crops in the 2-year 
rotations have been on the same plot three times, those in the 3-year 
rotations have been on the same plot twice, while in the 6-year rotations 
only one cycle has been completed. In the case of the 2-ycar and 3-year 
rotations, in which manure is applied to one of the crops, this manured 
crop has received each year the immediate benefit of the manure and 
in addition the benefit of any residual elTect that may have remained 
from the earlier applications. This becomes true also in the 6-year 
rotations after the completion of the first cycle. 

One pair of the 2-year rotations and the pair of 3-year rotations 
include both sugar beets and potatoes. In the 2-year rotation, No. 21 
the manure is appUed preceding the iiotatoes and the beet crop that 
follows gets only the second-year residual effect of the manure. Jn the 
3-year rotation, the manure is applied preceding the sugar beets and 
the potatoes receive the second-year residual effect. In the other 
rotations the effect of the manure is noted only in respect to the crop 
which immediately follows its application. 

The cultural operations used with these rotations are only such as 
ordinary good farming demands. So far as the rotation pairs are con- 
cerned, all cultural operations arc the same for both memirers of the pair. 
The same varieties of the two crops are used in all rotations at each 
station each year. The same varieties are not used at the different 
stations; nor has the same variety been used for all years at each station. 
For the sugar beets the seed has usually been obtained from the local 
sugar factory, and for the potatoes some good locally adapted variety 
has been used. 

The field work of tliese rotation experiments has been under the 
direction of the farm superintendent of each .station, and under the 
immediate supervision of a scientific assistant, who is charged with 
performing or directing the cultural operations, the irrigation, the lian est- 
ing, and taking the field notes and reporting the results each year.' 

RESULTS OF THE EXPERIME.N’TS 
IRISH roT.tTOES 

The effect of the manure on the yield of jxitatocs i,s shown in Table I, 
which gives the yields in bushels per acre for the manured plots and the 
yields from plots that have had similar treatment, except for the manuring. 

The following is the personnel concerned with the field work ol these rotation c.rperiincnts,' .kt Scotts- 
luff Mr. Frilz Kaorr was superintendent oi the field staiioa from 1910 to the end of igifi. Mr. James A. 
0 ^ ra was in ebarse of the urinated mtalions at this station from 1913 to the end ol loifi, when he suc- 

Mr. Knorr as station suprriiiiendcnt. Mr. David \V. Jones supcr\ iscd the irrigated rotations 
duniij; 191J. 

At Dclldourche Mr. Bc>’cr Aune has Jieen superintendent of the field station since 1009. He has been 
use y lu touch with the irritated rotation work, brine assisted in it at different times by Mr. John B. 

N. t. Matticc, and Mr. Geuriie T. Ratliffe. 

uiilley Mr. Dan Hansen has been superintendent of the field station since 1910. The irrigated 
Uotis were under the supervision of Mr. John M. Spain during 191.’, Mr. John W, Knorr during 1914 
Mr. Edward G. Noble sine* 1915. 

S 8093“— 18 9 
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In rotations 21 and 25 manure was applied each year preceding the 
potato crop, while in rotation 31 the manure was applied for the sugar- 
beet crop which preceded the potatoes. The annual differences in yiel(3 
between the manured and unmanured plots are also shown in the tables, 
together with the mean atmual yield of the crop in each rotation and the 
mean of the annual differences in yield. With each of the means the 
probable error is given.' 

TaarS 1 .— Effect of manure on lie yields of Irish potatoes at the Scotlsbiuff, Nebr., Belk 
Fourche, S. Dai., and Huntley, Mont., field stations, igi2 to ic/ij 


(The yields, differeaccs. and means are expressed in bushels per acrel 
SCOTTSnivUFP 


Rotation No. 

19)3 

J9IJ 

1914 

>915 

1916 

mi 

Mean, 

20 (no manure) 

194 

39* 

146 

88 

143 


j83±28,4 

21 (manure) 


316 

237 

147 

155 

187 

2i2±ia.5 

Difference 

+36 

! -82 

+91 

+59 

+13 

+56 

+29±i6-o 

24 (no manure) 

252 


146 

109 

217 

m 

182 ±19, 9 

25 (manure) 

230 

.348 

253 

148 

216 

182 

229±I§, 0 

Difference 

-22 

+'■3 

+107 

+39 

— I 

+48 

+47±>3'9 

30 (no manure) 

268 

329 

216 

146 

1 226 

167 

225 ±18, s 

31 (manure) 

"250 

353 

243 

17s 

Ha 

mm 

246+13-9 

Difference 

-18 

+24 

+27 

+29 

+18 

+44 

+2I± S-6 


BELLE FOURCHE 


20 (no manure) 

21 (manure) 

Difference 

1 

7* i 

59 1 

128 

133 

86 

117 

102 

192 

157 

170 

133 

190 

ii3±:o. 0 

144 ± IS- 3 

— 12 1 

+s 

+31 

+90 

+13 

+ 57 

4-31 ±10, 8 

24 (no manure) 

25 (raantire) 

Difference 

*3 

41 

TO9 

95 

II2 ^ 
lOI 

III 

168 

151 

162 

120 

13s 

2O3±It-0 

Ii7±i4i 

+28 

-14 ' 

— II 

+ 57 

+ 11 

+ ■5 

+U± 

30 (no maniue) 

31 (manure) 

5« 

«54 

74 

90 

68 

140 

59 

137 

166 

188 

139 

205 

93 iti.v I 
136 ±16.0 

Difference 

+4 

+16 

+72 

+78 

+22 

+66 

+43±ii.o 




oNomanurialeflectoathiscTop. t is 

» The probable error ol the mean as used in these tables is obtained by Memman's formu a 3 , 

suted as fallows: • 1“ words, the probable error is obtained by mohiplyuifi the stun 

of the departures from the mean by the (inolieutof • mtoo,8«3. where n equals the number of 

involved (Mbrriman, Mansfield, mbtuop o# least squares. «1. 8. 1913 )- 
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Table of manure on the ykUs of IHih pohtoes at the a r, r „ 

fourche. S. Dak., and DuniUyTMont’. field iS! “pS fo “piT-^Sed '' 


Rotation No. 

191X 

»913 

1914 

J9IJ 

tQX6 

1917 

Mean. 




179 

176 


228 


— 



226 

350 

3«6 

241 

24S±i6.8 



294 

277 

27>±i8.t> 

Difference 

-4 

-|-26 

-3 

+36 

-tM 

+3^ 

7 S 

34 (no manure) 

263 



273 

236 

229 : 

248+13. 6 





374 

324 

i 292 

328+21, 0 


+150 

-1-46 

+30 

+ 101 

+88 

”+67 




+8o±i2. 6 

30 (no manure) 

20S 

“199 

188 

160 

■sti 

228 

224 

' 175 

196+ 8. 9 



273 

212 

91 

r'OiiS. 5 

Difference 

-9 

-28 

— 16 

+45 

— 12 

-84 

-i7± 9.7 


* Nn maouriat effect on this crop. 


The results given in Table I, which refer to the total yield of potatoes 
show that in 8 of the 9 cases the application of manure was followed by 
increased yields, and it should be remembered that these crops were 
produced on new land, where good yields are obtained even without 
manuring. 

Each year since 1913 it has been the practice in connection with these 
experiments to sort the potatoes in the field at the time of digging. This 
sorting has been done by means of a wire screen with 2-inch meshes. The 
smaller potatoes that pass througli this screen are classed as unmarket- 
able, while those passing over the screen are classed as marketable It 
has been observed at Scottsbluff and at Belle Fourche not only that the 
manured crops have been larger than those not manured, but also that 
the proportion of marketable potatoes has been larger on tlie manured 
land. This has not so far proved to be the case at Huntley. The yields 
of marketable potatoes at the three stations for the three pairs of rota- 
tions for five years are given in Table II, together with the annual differ- 
ences and the mean yields and the mean of the annual differences. 
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Table II. — Effect of manure on ike yields of marketable Irish potatoes at the Scottsbluff 
Nebr., Belle Fourche, S. Dak., and Huntley, Mont., field stations, ipj? ^ 2017 , 
dusim 

|The yidds, differences, and means are expressed in busbels per acre] 
3COTTSBLUEP 


Rotation No. 

I9t.? 

1914 

r^rS 

,S,6 

, t9i7 

Mean, 


243 

20S 

74 

156 

47 

lOI 

II9 

129 

98 

153 




-35 

+82 

+54 

-h 10 

+ SS 

+33±1S.S 


lOI 

251 

7S 

IQO 

68 

102 

185 

IQ2 

110 

164 

loSiij., 

i8o±,;,8 


Difference 

+150 

+I2S 

+34 

+ 7 

+ 54 

+ 72±20. 5 

IQ4 

237 

143 

101 

135 

197 

217 

147 

184 

I56 ±i 3.2 
i88± 1,^,1 



+43 ! 

+ 25 

+34 , 

+20 ' 

+37 

+32 ± 3' I 



BELLE POURCHE 


20 

^no manure) 

87 

66 j 

1 

93 

86 

97 

863 : 3' 3 

21 

(manure) 

104 

109 1 

'?5 

117 

163 

i 34 ±i!.o 


Difference 

+ '7 

+43 i 

+82 

+ 3 ' 

+66 

+ 48 :fc 8,9 

24 

(no manure) 

89 

106 

102 

112 

96 

loii 2, 9 

25 

(manure) 

■5 

89 

155 

96 

117 

io6±io, 0 


Difference 

-14 

-17 ; 

+53 

— 16 

+21 

+ 3 ±I 2‘7 

20 

(no manure) 

37 

54 ; 

48 

120 

107 1 

73 ±14.3 

31 

(manure) 

76 

120 

127 

143 

182 

I 2 ( 9 ±II ,2 


Difference 

+39 

+66 

+79 

+23 

+ 7 S 

+S6± 8,6 


HUNTLEY 


20 (no manure) 

192 

1 

152 1 

336 

201 ; 

226 

22iiig 2 

21 (manure) 

212 

*39 1 

, 359 

262 

260 

246^24.0 

Difference 

+20 ' 

“^3 

+23 

+61 

+34 

+2S±7+ 

24 (no manure) 

307 j 

*49 

259 

212 

213 

228118,8 

25 (manure) 

347 

181 

363 

298 ' 

278 

293±2I.6 

Difference 

+40 

+ 3 * i 

1+104 

+86 ■ 

+65 

+65±io-o 

30 (no manure) \ . 

179 1 

*31 

212 

206 1 

*59 

177I11. 0 

31 (manure) 

i 5 « 1 

**5 

259 

182 



Difference 

-29 ■ 

— 16 

+47 : 

-24 

-76 

: -iy±n .9 
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The facts set forth in Tables I and II may be summarized separately for 
each of the three stations for the five years rprs to tpty, as follows- 

At Scottsbluff the yield of potatoes, large and small, tor the 30 plot- 
years, has averaged 208 bushels per acre, with a mean annual difference 
in favor of the manuring of 40±7. The yield of marketable potatoes 
from the same plots has averr^ed 1 50 bushels per acre, with a mean annual 
difference in favor of the manuring of 46 ±7. The percentage of the 
total yield classed as marketable for the 30 plots is 72, -while the mean 
annual difference in percentage marketable in favor of the manuring is 
S±t. 5 - 

At Belle Fourche the total yield of potatoes for the 30 plot-years has 
averaged 131 bushels per acre, while the mean annual difference in favor 
of manuring is 34 ± 6.4. The yield of marketable potatoes from the same 
plots has averaged roy bushels per acre, while the mean annual difference 
in favor of the manuring is 36 ±6.3. The percentage of the total yield 
classed as marketable for the 30 plots is 80, while the mean annual differ- 
ence in percentage marketable in favor of the manuring is 7 ±1.9. 

At Huntley the total yield of potatoes for the 30 plot-years has averaged 
239 bushels per acre, while the mean annual difference in favor of ma- 
nuring is 26±8.3. The yield of marketable potatoes from the same plots 
has averaged 221 bushels per acre, while the mean annual difference in 
favor of the manuring is 24±8.5. The percentage of the total yield 
classed as marketable for the 30 plots is 92, while the mean annual differ- 
ence has been negligible, being in favor of the manured plots by less than 
I per cent. 

SUGAR BliETS 

The effect of manure on the yields of sugar beets is shown in Table III, 
which gives the annual yields in tons jrer acre for the manured and urtma- 
uured plots and the annual differences in yield between the pair of plots 
that have had similar treatment except for the manuring. The table 
also shows the mean annual yield of the crop for each rotation for six 
years and the mean of the annual differences with the probable errors of 
these means obtained as indicated above in the discussion of Table I. 

In the 12 comparisons shown in Table III the mean yields for the 6- 
year period all show increases as a result of manuring. Some of these 
increases are too small to be considered significant, but in 9 cases of the 1 2 
the mean of the annual differences exceeds its probable error sufficiently 
to be regarded as significant. Eliminating the 3 cases of rotation 2 1 in 
1912, in which the manure had not been applied, there remain 69 annual 
comparisons. Of these annual comparisons 62 show increased yields 
following the application of manure and only 7 show decreased yields. 

In rotation 21 the manure is applied for the potato crop, which pre- 
cedes the sugar beets, so that the later crop receives only the second-year 
effect of the manure. In rotations 21 and 23 manure has been applied 
to the same plot three times during the 6-vear period covered by the table. 
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In rotation 31 manure has been applied to the same plot twice during the 
period, while in rotation 61 only one cycle has been completed, and no 
residual effect of previous applications of manure is to be observed. 

TabuE III . — Effect of manure on the yield of sumr heels at the Scottsbhiff, Nehr., 5.11. 
Fourche, S. Dak., and Huntley, Mont., field stations, iQt2 to igiy, inclusive 

(The yiekts. differences, and means are expressed in tons per acrel 
SCOTTSBLUPP 


Rotation No. 

191* 


1914 

191s 

1916 

1 

*917 

Mean. 

30 ^not manured) 


!(>. 6 

* 4-5 

10. 6 

S-8 

13-0 

13- Oil. 1 

ar (manured) 

“13 - 5 

20. 8 

17.2 

* 3 - * 

6.4 

17.0 

14. 6±..; 

Difference 

-1.8 

+1- 2 

+2. 7 

+2. s 

+ 

+4.0 1 

Il 

23 (Not manured) 

* 3-9 

18.3 

14. 2 

13 . 0 

7-3 

1 11. 1 ■ 

12.8 + 1.0 

33 (manured) 

* 9-4 

21.4 

19.9 

15-9 

9.4 

1B.6 1 

I 7 - 4 ±i .2 

Difference 

+ 5 -S 

+3.1 

+ 5-7 

+ 3-9 

+ 3 . I 

1 + 7 ' 5 

+ 4 - 6 ± -6 

30 (not manured) 

17.6 1 

17.0 

* 3-9 

10. 2 

9,8 

j 9. I 1 

I 2 - 9 ±T ,2 

31 (manured) ! 

31.4 , 

^ 3-8 

17.4 

15-6 

17. 1 

16.0 

18. sii.o 

Difference ' 

+ 3-8 

+6.8 

+ 3 - 5 

+ 5-4 

+ 7-3 

+6. 9 ' 

+ 5 - 6 ± .52 

60 (not manured) ! 

* 7-3 

X7.2 

14. 8 

12.5 

7-3 

1 J 5-3 1 

14- lii.o 

61 (manured) 

32.4 

23-4 

18. 5 

* 5-3 

11.9 

19-5 

l8.5iL2 

Difference 

+SI 

+6. J 

+ 3-7 

+2.8 

+ 4 - 6 


4.4-1 .33 


BELLE POURCHB 


20 (not manured) 

7.0 

10.7 1 

11-3 

12. 2 

9-7 


11. o±o, 7 

21 (manured) 

"7. 0 

8.8 

14. 6 

16. 0 ' 

12. 1 

18.6 

12.8+1.3 

Difference | 


- 1.9 ! 

+ 3-3 1 

+ 3-8 

+2.4 

+ 3-3 

+ i.8± .7 

23 (not manured) 

7.6 

7.6 

12.3 1 

9 .x 

8.1 

* 7-7 

io.4±i. I 

23 (manured) 

5-7 

8.3 

10. 61 

11. 8 

9.6 

20. 9 

11. i±i.3 

Difference 

-1.9 

+ -7 

-I. 7 

+2. 7 

+ *■5 

+ 3-2 

+ -li -65 

30 (not manured) 

7-4 

9 * 

lo. 7 

7-3 ' 

4. 6 

7-4 

7. 7 ±0.6 

31 (manured) 

8-5 

9-3 

14. 2 

* 3-2 

8.2 

IS - 3 

11. 4 ±i- 1 

Difference 

+ 1- 1 

4 - .2 

+ 3-5 

+ 5-9 ^ 

+3.6 

+ 7-9 

+ 3 - 7 ± 

60 (not manured) 

8.S 

8.0 

II. 2 

9.4 

7-2 

12. 7 

9 S± 

61 (manured) 

7 * 

6. 1 

12. 7 

10. 9 

10. 4 

15-7 

10. 5 -ill- 0 

Difference 

- 1-4 ' 

-1.9 

+1.5 

+ *■5 

+ 3-2 

+ 3''2 j 

+ I.0± .56 


• 






_____ 


a No manuiial effect on this crop. 
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TablB in.— Effect of manure on the yield of sugar beets at the ScolUbluff, Nebr Belle 
Foarche, S. Dak., and Huntley, Mont., field stations, IQX2 to sgjj, inclusive— im 
HONTI.EY 


RotatiaQ No. 


1913 

i 9«4 

1915 

I»l6 

J917 

Mean. 

JO (not manured) 

12.3 

12 . 6 

* 5-1 

8-3 

* 5-3 

9. 6 

12. 2±0. 8 

21 (manured) 

'12. 6 

M -3 

14.4 

12.8 

17. 9 

12. 1 

13. 8± .6 

Difference 

+ -3 

+ .7 

- -7 

+ 4 . 5 

+2.6 

+2. s 

+ 1. 6± . 59 

22 (not manured) 

2j (manured) 

II. 7 

14.4 

15-2 

13-4 

10. 4 
12. 6 

6.8 

10.7 

11. 1 

12. 0 

II -3 

rr. i± .6 
12. 6 ± . 3 

Difference 

+2- 7 

-1.8 

4-2.2 

+ 3-9 

+■9 


+ !• S± • 54 

30 (not manured) 


II. 4 

6.6 

4.8 

6.7 

6,7 

7 - 2 ± ■ S 

31 (manured) 

8-3 

* 5-3 

12. 8 

9.1 

10. 0 

9. 6 

Ta8± .8 

Difference 

-l-i.o 

+ 3-9 

-|-6. 2 

+4.3 

+ 3-3 

+2.9 

+ 3 - St -45 

60 (not manured) 

9-7 

11.6 

9-3 

12. 9 

7-4 

8-3 

9 - 9 ± •<> 

61 (manured) 

12. 2 

15.8 

13-6 

8.7 

15-6 

13.0 

13. 2± .7 

Difference 

-t-2. 5 

1 

+ 4-2 


-4.2 

+8.2 

+ 4 - 7 

+ 3' 3 ±4 03 


< No maourial cfleil od (his crop. 


In addition to recording the yield of beets from the rotation plots 
as shown in Table III, it has been customary also to determine the 
average size of the beets on each plot by counting and weighing the 
product of several representative rows, to record the percentage of sugar 
in the beets as reported by the local sugar factory upon samples from 
each plot, and to determine the proportion of the weight of the tops to 
the combined weight of beets and tops. This last determination has a 
bearing not only as showing the vigor of growth of the sugar beets, but 
also as indicating the quantity of feed left as a by-product of the beet 
crop. 

The facts regarding the effect of manure on increasing the yield of 
beets as shown in Table III, and also as to the effect on size of beets, 
percentage of sugar in the beets, and percentage of tops, are summarized 
for each of the three stations as follows: 

At Scottsbluff the yield of beets from the 46 plot-years, omitting 
rotations 20 and 21 in 1912, averaged 15.3 tons per acre, while the mean 
annual difference in favor of the manuring is 4.3±o.28, The size of 
beets from the same plots averaged 1.55 pounds, with a mean annual 
difference in favor of the manuring of o.32io.o44. The percentage of 
sugar in the beets was not determined in 1912, so that the results of 
only 40 plot-years are available. This averaged 16.5 per cent, with a 
aiean annual difference in favor the unmanured plots of 0.12 ±0.20, 
which is not signiffcant. The percentage of the weight of top to the 
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combined weight of beets and tops for 46 plot-years is 26 per cent, mth 
a mean annual difference in favor of the manuring of 2.7±o.6. 

At Belle ffourche the yield of beets for 46 plot-years averaged 107 
tons per acre, with a mean annual difference in favor of the manuring 
of r. 9 ±0.36. The size of beets from the same plots averaged 084 
pound, with a mean aimual difference in favor of the manuring of 
o.o 8 ±o.o 35 . The percentage of sugar in the beets, omitting 
averaged for 40 plot-years ip.fi per cent, with the mean annual difference 
infavor of the manured plots of o.3±o.22. The record of the percentage 
of tops is incomplete. 

At Huntley the yield of beets for 46 plot-years averaged 1 1 .3 tons 
per acre, with the mean aimual difference in favor of the manuring ol 
2.6 ±o. 33. The notes as to size of beets, percentage of sugar, and per- 
centage of tops were not taken for 1912. The size of beets for 40 
plot-years averaged 0.92 pound, with the mean annual difference in 
favor of manuring of 0.21 ±0.034. The percentage of sugar in the 
beets averaged 16.8 per cent, with a mean annual difference in favor of 
the manuring of o.i6±o.i7, which is negligible. 

The proportion of the weight of tops to the combined weight of beets 
and tops averaged 32 per cent, with a mean annual difference in favor 
of the manuring of 3.2 ± 1.12. 


SUMMARY 

The effect of manure on the yields of Irish potatoes and sugar beets 
under irrigation has been tested for six years in seven rotations at each 
of three different stations in the northern Great Plains. Comparisoiuis 
made between the yields of these crops when grown in rotations without 
manure and when grown in the same sequence in other rotations in 
which manure is applied at the rate of 1 2 tons per acre oirce during the 
cycle of the rotation. 

At Scottsbiuff, Nebr., the effect of the manure has been to increase 
the yield of potatoes about 40 bushels per acre, to increase the propor- 
tion of marketable potatoes about 8 per cent, and to increase the yield 
of sugar beets 4.3 tons per acre without materially affecting the sugar 
content of the beets. 

At Belle Fourche, S. Dak., the effect of the manure has been to increase 
the yield of potatoes about 34 bushels per acre, to increase the proportion 
of marketable potatoes about 7 per cent, and to increase the yield of 
sugar beets 1.9 tons per acre without materially affecting the sugar 
content of the beets. 

At Huntley, Mont. , the effect of the manure has been to increase the 
yield of potatoes about 26 bushels per acre without influencing mate- 
rially the proportion of marketable potatoes, and to increase the yield 



Manure on Irrigated Field Crops 


503 


of sugar beets 2.6 tons per acre witliout materially affecting the sugar 
content of the beets. 

In five of the seven rotations cottsidcred the increased yields were 
from the crop immediately following the application of the manure. 
In the other two rotations the yields were from crops produced the second 
season after the manure was applied. The increases in yield shown in 
these two cases, as well as the effects observed with other crops grown 
in these rotations, show that the benefit of the manure is appreciable for 
two years or mor e after it was applied. 




relation of inorganic soil colloids to 
plowsole in citrus groves in southern 

CALIFORNIA 

By Charlbs a Jensen 

Assistant in Plant Malnutrition, Biop,:yHcal Investigalions, Bureau of Plant Industry, 
United States Department of Agriculture 

The term “plowsole” as here used refers to the hard layer of soil 
artificially formed in Citrus groves in southern California when the soil 
is intensively cultivated during the irrigation season. Its upper limit 
is the lower limit of the soil mulch established by cultivation, and it has 
been found to vary in thicknes.s from a few inches to 2 feet, though usu- 
ally it does not extend below the first t8 inches of the soil. The hard- 
ness of the plowsole varies from a perceptible crust to a layer difficult 
to penetrate with a shovel. Immediately after irrigation it is usually 
.soft, and is then easily broken; as the soil dries, the plowsole layer hardens 
again. 

If soil from groves, or from the surrounding native desert areas, is put 
into pots in the laboratory, irrigated, and the surface layer stirred to 
form a soil mulch, a hard crust will be formed under the mulch by the time 
aD the soil is dry. The soil just below the crust usually retains a crumbly 
.stmeture, and does not harden. This plowsole occurs as the result of a 
single irrigation followed by a few surface cultivations. It thus appears 
that the packing caused by teams and implements is not necessary for 
its fonnation. 

Plowsole has been found to occur in all soil types investigated in the 
Riverside, Redlands, and Corona areas. Coarse granitic soils, as tcII as 
the heavier clay loam soils, are subject to plowsole formation. It has 
not, however, been observed to form under the trees where the soil has not 
Ireen cultivated, especially when an organic mulch has been maintained; 
nor has it been found in basins mulched with organic matter. When 
the organic mulch is not maintained, the imnjediate surface soil emsts; 
but the crust is formed simply by the drying out of the surface soil. 

In many groves the fibrous Citrus roots do not readily penetrate the 
plowsole, though roots are often found in the hard layer. It appears 
that in such cases of penetration the roots are formed during the rainy 
season when the plow^sole is soft and maintained in a moist condition. 
Between irrigations in the summer time the upper part of the plowsole 
itself dries out below the moisture content necessary to maintain root 
growth. 
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In other groves it was found that the fibrous roots grew freely into the 
uncultivated surface soil under the trees, but not at all into the plowsole 
layer formed in the area frequently cultivated. 

In addition to checking the root growth and limiting the soil laye; 
available for the root development of the shallow-rooted Citrus trees, the 
plowsole seriously checks the penetration of the irrigation water. 

The condition may be temporarily relieved by breaking up the plow- 
sole layer with a subsoiler, but the plowsole forms again when cultiva- 
tion is resumed. The best remedy against the formation of plowsole 
seems to be a surface organic mulch, with no cultivation during the 
irrigation season beyoud that necessary to keep weeds under control. 

The present report deals with some of the properties of plowsole as 
found in citrus groves or formed artificially in the laboratory. Tlig 
work was done in Riverside, Cal., on soil samples from that area. 

COMPOSITION OF WATER EXTRACT OF PLOWSOLE 

Soil samples were collected from eight orange groves in which plow- 
sole occurred. Samples at three different depths were collected, includ- 
ing (i) the soil mulch, usually 3 to 5 inches deep; (2) the plowsole crust; 
(3) the subsoil under the plowsole. 

Each sample was rolled, passed throgh a 2-mm, sieve, extracted with 
distilled water in the ratio of i part of soil to 2 parts of water, and the 
extract analyzed. The water extracts of the soil samples from four of 
the groves were filtered through Chamberland porous filter tubes, and the 
water extracts of the samples from the other four groves were filtered 
through filter paper. 

Table I shows the average amounts, in parts per million on the basis 
of dry soil, of iron, calcium, magnesium, and silica found in the respective 
soil layers. Each figure is the average in samples from four groves. 

The elements determined are those usually considered to have a 
cementing action in soil, and with one exception there was evidently no 
accumulation of these in the plowsole. Mineral carbonates were present 
in the soils included in these analyses only in traces or very small amounts. 

The comparatively large amount of iron in the water extracts of the 
plowsole filtered through filter paper is due to one exceptionally high 
determination— viz, 9 p. p. m. The average amount of iron in this 
layer in the three other groves was 1.07 p. p. m., and this amount evi- 
dently more nearly represents the true condition in respect to iron. In 
the large number of iron determinations made in water extracts of soils 
in the area considered, the highest amount found was 2.7 p. p. m., except- 
ing the one mentioned above. The average amounts of iron in eight 
other water extracts of soil mulch, plowsole, and subsoil were, respec 
tively, 0.88, 0.58, 0.87 p. p. ra. on the dry soil. It would therefore seem 
that 1.07 p. p. m. of iron in the plowsole is a more reliable figure than 
3.05 parts, as shown in Table I, when the water extracts were filtere 
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through filter paper. Unfortunately these soil samples were discarJed 
before this apparent error was detected, the analytical work having 
been done in May, 1916, and the results not having been carefully tabu- 
lated and compared until April, 1917, owing to other work. 

TAurB I.— Anutynr of water extracts of soil mulch, ptawsole, and subsoil from orange 
^ groves. Average of four groves 


[Results reduceil lo basis trf dry scmI and expressed as ji. p. m.) 


SoilUycf. 

Through Ch^mberlond filters. 

Tlirinigh filter paper. 

Iron. 

Cal- 

cium. 

Magne- 

sium. 

Silica. 1 

Iron. 

Cal- 

cium. 

Magne- 

sium. 

Silica. 


a 61 i 

I17 

17 

13 

0.94 

70 

17 

30 


. 28 

23 

4 

9 

“ 3 - 05 

35 

7 

27 

Subsoil 

-31 

41 

4 

9 

I. 40 

29 

10 



a Leaving out oa« exceptionally high determination, the average ol the other three groves is 1.57 p. p. ni, 
oliroa (see tart). 


Flowerpots were filled with soil from some of these groves, placed 
in the lalwratory, irrigated several times, and kept mulched. A number 
of inorganic salts, carbonates, chlorids, nitrates, .and phosphates, were 
mixed with some of the soils. Plowsole layers formed readily under the 
soil mulch. 

After about one month the soil mulch, plowsole, and subsoil were 
separately extracted with distilled water and analyzed. There was no 
accumulation of the water-soluble cementing elements in the plowsole 
layers in either the treated or untreated soils. 

The plowsole layers in the differently treated soils varied greatly in 
hardness, The hardest layers occurred in the soils treated with sodium 
chlorid, sodium nitrate, sodium phosphate, magnesium sulphate, and 
sodium carbonate. The softest layers were formed in the soils mixed 
with calcium carbonate, calcium sulphate, and alfalfa. 

Soils from the four orange groves, the soil analysis of which were 
presented in Table I, were extracted with i per cent hydrochloric acid 
until calcium was absent, washed with distilled w'ater, and then ex- 
tracted with 4 per cent ammonium hydrate. The ratio of soil to*am- 
moniura hydrate was loo gm. to 500 cc. The “humus” extracts were 
evaporated to dryness and ignited just enough to drive off the organic 
matter. There were no facilities on hand at the time for fusion, so the 
residues were digested with nitrohydrochloric acid on the water bath 
until no perceptible residue remained. 

Partial analyses of these dissolved residues are given in Table II. 
Each figure represents the average percentage obtained on the analysis 
of extracts of soils from eight groves. 
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TAai,E II . — Analysis of humus exiracU of soil mulch, plowsole, and subsoil from oranns 
groves. Average percentage of eight groves " 



There is no evident accumulation of these elements in the plowsole 
that would account for its formation. 

Another set of ammonium extracts was made from samples of the 
same soils. The colloidal material was precipitated with a little nitric 
acid, and filtered out. The filtrate was next treated with a little am- 
monium carbonate, and again filtered. The two precipitates were 
taken up with a little ammonium hydrate, evaporated to dryness, and 
ignited just enough to bum off the organic matter. The ignited mate- 
rial was digested as before with nitrohydrochloric acid on the water 
bath until no perceptible residue remained, and the solution was analyzed. 
Table III gives the results of the partial analyses made, each figure 
being the average percentage found in soils from eight different groves. 


T.eaLE III.— Ano/yfir 0/ inorganic colloids in humus extracts of soil mulch, plousole, 
and subsoil/rom orange groves. Average percentage m soils jrom eight groves 


Soil layer. 

Percentaee oa basis of dry soil. 

SUicoQ 

dkixid. 

Ferric oxid. 

AJuminium 

oxid. 

Phosphoms 

peatoxid. 

Silica, iion, 
and altimin- 

1 

Mulch 

a 016 

0. 005 

0. 016 

0. 004 

0- 087 

Plowsole 

.030 

. 008 

.025 

. 004 

.063 

Subsoil 

.015 

. 006 

. 018 

■ 003 

•039 


There is thus an accumulation of colloidal iron, aluminium, and silica 
in the plowsole layer. The detailed analyses showed this to be con- 
sistently the case for each grove. 

The analyses given in Tables II and III were made on ammonia ex- 
tracts of the same composite samples, but each table represents a separate 
extraction on fresh samples. Hence, the ratio of the colloidal elements 
to the total amounts of these same elements determined in the ammonia 
extracts can not be definitely stated from the data obtained. A com- 
parison of Tables II and III, however, would indicate that only about 
one-third of phosphoric acid was present in the colloidal form in the 
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jjjunonia extract, and that practically all the iron was present in that 
form. It would also appear that practically all the silica and aluminram 
itt the plowsole layer were colloidal. 

praps UY used ammonium carbonate to precipitate the inorganic soil 
colloids from ammoniacal solutions. It was found in this work that a 
little mote inorganic material was obtained by precipitating the extract 
successively with nitric acid and ammonium carbonate. The acid car- 
ried down practically all the organic matter as well, as judged by color. 

The following experiment shows the results obtained by precipitating 
the colloids from ammonia extracts of a soil, with nitric acid and am- 
monium carbonate as precipitants. Two 150-cc. portions of a composite 
ammonia humus solution were treated separately with nitric acid and 
aronionium carbonate. The filtrate from the acid-treated extract was 
then treated with ammonium carbonate, and the filtrate from the car- 
bonate-treated extract was treated with nitric acid. Each separate 
precipitate was ignited and weighed. The results obtained are given in 
Table IV. 


Table IV. — Comp<irison of ^dency of nitric acid and ammonium carbonate in pre- 
cipitating inorganic colloids from, ammonia eitracis of soil 


First ptedpit&ut. 

Ii 

Wei|h( of 
ieuited 
prrapiute. I 

Secoocl precipitant. 

Weight of 
ignited 
ptedpiute. 


Gm. j 

a 0200 

. 0202 


Cm, 

0. 0020 
.0049 






It appears that these two precipitants were about equally effective in 
precipitating the inorganic colloids from humus solutions. When the 
two were used successively, an appreciable increase in inorganic material 
was obtained. The results of the first precipitations would indicate that 
the flocculated organic matter caused by addition of nitric acid did 
not carry down or occlude noncolloidal mineral substances. 

Samples of soil mulch, plowsole, and subsoil from four other orange 
groves not included in the discussion so far, were extracted with hydro- 
chloric add till caldum, was absent, washed, and extracted with ammo- 
nium hydrate. The inorganic colloids were predpitated as just described, 
ignited, and weighed. The average percentage of total inorganic soil 
colloids in the humus extracts of the separate soil tamples from tlie four 
groves was as follows: Soil mulch, 0.0642; plowsole, 0.0912; subsoil, 
0.073. 

These results agree with those given in Table III, in showing that an 
accumulation of ammonia-soluble inorganic soil colloids occurs in the 
plowsole layers. 


i Refetence is made by uumber (iUlic) to ‘'Literature cited." p, 518-^19. 
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The organic and inorganic colloidal material in these humus extracts 
evidently moves with the electric current, as the following experimeQt 
shows : 

Two tubes were connected together with rubber tubing into the form 
of a U-tube, and filled with humus extract. Electrodes from a battery 
of six new dry ceils connected in series were inserted into the tops of the 
U-tube touching the extract, and left undisturbed for seven days. The 
liquid in the two tubes was then separated by closing the rubber-tube 
connection, A colorimetric humus reading was made of the liquid in 
each tube. The inorganic colloids were precipitated with nitric acid 
and ammonium carbonate, ignited and weighed. Table V gives the 
results obtained. 


Table V. — Inorganic colloids and humus in humus extracts of soil in positive and 
negative sides of the IJ-iube 


Electric charge in U-tube. 

Pmeotage 
of itiurunic 
colloids in 
solution. 

fercentss* 
oi humus in 
solution 


0. 0380 

0. 0625 
.0500 





In the preceding discussion it has been shown that there is evidently 
no accumulation of water-soluble iron, calcium, magnesium, or silica in 
the plowsole layers that could account for its formation; that the total 
ammonia-soluble silica, iron, alumintuni, or phosphoric acid could not 
account for the formation of the plowsole; and that there was accumu- 
lation of ammonia-soluble colloidal silica, iron, and aluminium, in the 
plowsole, but not of colloidal phosphoric acid. 

The last-mentioned fact indicated the desirability of making a direct 
study of the inorganic colloidal material in the soil.^ 

The term “colloid suspension” will be used frequently in what follows, 
and for the purpose of clearness it will be used to mean simply the 
inorganic material of a soil remaining in suspension at the end of 24 
hours after the soil has been treated in a certain manner. 

The following conventional method was adopted for determining the 
percentage of colloid suspension jm the soils. Five gms. of soil were 
placed in a 250-cc. Erlenmeyer flask, 50 cc. of distilled water was added, 
the flask covered with a watch glass and placed on the water bath. The 
contents were shaken periodically, and after hours the suspended 
material’ was decanted into a test tube about 3 cm. in diameter and 25 

’ A dUcussim of the general properties of colloids will not be entered into here . Wbelher colloids ye 
classified according to aze, cbenucal constitution, or method of preparalion will have but little bianng 
on the nature of the present work. Excellent discussions on colloids are given by Ostwald (Ustwald. 
Wolfgang. HANDBOOK OT coLLom-CKEMiSTRY, . . . Trans. from jd German ed. ^ ^ 

Philadelphia); and by Burtem (Bukion, E. E. physicai, pROFBaTiBs OF coItLOidai, solutions, loo p.. 
18 fig. London, New York), not to mention many other earlier workers in the field. 
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cm, high. Another portion of 50 cc. of distilled water was added to the 
soil remaining in the flask, and the former treatment repeated. The 
same treatment was repeated a third time, and on the third decantation 
all the soil was washed into the test tube. The tube finally contained 
about 180 cc. and was left undisturbed for 24 hours. The suspended 
material was then carefully siphoned off and precipitated with neutral 
ammonium sulphate. The precipitation was hastened by warming. 

The precipitate was filtered, ignited, and weighed as the percentage of 
" colloid suspension.” 

Duplicate determinations were made, and the departure varied from 
nothing to a maximum of about 5.5 per cent. When the departure did not 
exceed 3.5 per cent the results were used. When the error was greater, 
duplicate determinations were again made. 

It was foimd to be more difficult to obtain two uniform duplicate 5-gm. 
soil samples than to make good duplicate determinations on a very uni- 
form ^nple of soil “ colloid ' ’ used for experimental purposes. To insure 
better duplicate sampling for colloid determinations, the soil as taken 
from the groves rolled and sifted through a 2-mm, sieve. 

It is realized that this method of measuring the colloidal content of 
soils does not show the Ibsolute amount of colloid in a soil. The colloidal 
content by this method is necessarily affected by tie amount and charac- 
ter of the electrolytes going into solution. . The purpose of the measure- 
ments was not to get a measurement of the absolute colloidal content, 
but to study the relative colloidal content in the three layers of soil in 
plowsole groves. Ashley (i) measured the colloid matter in clay by the 
absorption of dyes in the study of the plasticity of clay. His work has a 
special bearing on the ceramic industries. This method does not appear 
applicable to the pijesent work, since it is probable that not only the col- 
loid matter remaining in suspension after 24 hours, but the colloidal mat- 
ter not remaining in suspension as well would absorb dyes; and so in dll 
likelihood would the organic matter in the soil, which wqs found to bear 
noselation to the percentage of inorganic colloid suspension in the soil. 
The purpose of the present study was to obtain a measurement of the 
colloid matter that was free to move with the soil moisture, as it seemed 
to do. 

That the method of determining the colloid suspension as above de- 
scribed is entirely conventional is shown by the iollowing experiment. 
Kve-gm. soil samples from a composite sample were put into Erlenmeyer 
Sasks, distilled water wa^dded, and the flasks were placed on the bath. 
The total amount of water used and the total time of the sample on the 
bath were the same for each determination. In each case, also, the sus- ^ 
pended matter as transferred to the test tubes stood 24 hours before 
being siphoned off. The variable factor was the number' of decantations 
and consequently the amount of water used for each. Table VI gives 
tbe results of the determinations and the condition of each test. 
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Table VI — Inorganic colloid suspension in soil as influenced hy sw^shie decantaticni 
with small amounU of distilled water and by single decantation with larger amounU of 
water, total time on water bath being the same in all cases 


Number of decantaliuos. 

Qtiaatity of 
water with 
each decan- 
tatioa. 

Timeoa 
water bath, 
each decan- 
tation. 

PtoeenUre 

ofcolltiidon 

soiL 


Cc. ' 

60 

Hours. 

a- 5 



Ss 

3- 75 

•di 8 

3. . 

17s 

7-5 

* 

“17s 

7-5 

. 84 ) 



o j cc. ol asuDOolum hydrate added. 


Soil mulch, plowsole, and subsoil samples taken in groves having plow- 
sole, were rolled (not crushed), sifted through a 2-mm. sieve, and sub- 
jected to colloid-suspension- determinations. The average percentage 
of the inorganic colloid suspension in soil samples from seven diferent 
groves was as follows; Mulch, 0.879; plowsole, i .334; subsoil, 1.215. lu 
all groves but one the colloid content was greater in the plowsole than in 
either the soil mulch or subsoil. The grove which proved the exception 
was sampled a second time and subjected to cKloid-suspension deter- 
minations, which gave results similar to the first determinations. 

There is thus an accumulation of inorganic colloid matter in the plow- 
sole layer, especially as compared with the soil-mulch layer. 

From laboratory experiments it would appear that this colloid matter 
migrates with the soil moisture much as do soluble salts, though prob- 
ably much more sluggishly. Soils from groves were put in flowerpots 
in the laboratory and irrigated, the soil being allowed to dry out before 
each irrigation and before the colloid determinatiops were made. In 
every instance after one or more irrigations the surface layer of soil 
was found to contain a greater percentage of inorganic colloid suspen- 
sion than the subsurface soil. The increase in colloid matter in the 
surface layer varied from ii to 70 per cent. 

The morganic coUoid condition of the soU is largely governed by the 
composition of the soluble salts present. The sulphates of sodium, 
ammonium, and calcium tend to precipitate the colloids, while the 
nitrates, carbonates, and bicarbonates have the reverse effect. 

It is not imcommon to find considerable accumulation of alkmi 
salts on the irrigation furrow slopes in Citrus groves after irrigation. 
Breazeale (2) has analyzed some of these and found the predommirat 
salts to be sulphates and nitrates, the latter being present in the greater 
quantity. McBeth (d) has shown that nitrates are at times prfOTt m 
large amounts on the slopes of the irrigation furrows. The latter s 
work shows also the relation of nitrate accumulation to the ram , 
which is of importance in the present discussion. Finally the imgatiou 
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waters used in the area here under consideration carry more bicarbonates 
than sulphates 0). 

As a whole the deflo^Iating salts predominate over the flocculating 
salts in the cases examined by the Office of Biophysical Investigations 
in Citrus groves in southern California. Hence, so far as the readily 
soluble soil salts are concerned, the tendency would be for the inorganic 
colloid matter to be carried down into the soil by irrigation water and 
rains. As a surface soil mulch is established in most cases as soon as 
possible, the colloid matter would naturally tend to remain below this 
layer. 

After the winter rains it was found that the amount of electrolytes in 
the plowsole layer exceeded that in the soil surface by about 60 per 
cent, as determined by conductivity measurements. The accumula- 
tion of soluble salts in the plowsole layer would probably tend to pre- 
cipitate the colloids, and the denser physical structure of this layer 
would act as a filter. 

No relation could be established between the percentage of colloid 
suspension and the percentage of humus or organic carbon in the soil. 
The addition of organic matter to soil, however, was found to influence 
the inorganic colloid state in the soil. Various organic substances were 
added to soils from orange groves, and the treated soils put into flower- 
pots in the laboratory. These were irrigated intermittently for a period 
of over one year. The soils were then taken out, rolled, sifted through 
a 2-mm. sieve, and subjected to inorganic colloid-suspension determina- 
tions. Table VII gives the results obtained. 


Tablb Effect of the addition of organic matter to soils on the amount of iiwrganic 
colloid susponsion. Organic matter in contact with the soils for more than a year 


Organic treatment. 

Percentace «if inoi^nic colloid suspcn»on. 

1 Sandy loam. 

1 

Clay loam, 

Manure 

(soilC). 

Alfalfa 
(soil A). 1 

Manure 
(soil U). 

Alfalfa 
(soil F). 

Barley 
(soU H). 

Untreated 

0. 433 ' 

0.511 

0. 764 

0.778 

0. 852 

I per cent of organic matter 

•3H : 


• 85s 

.96J 

.707 

3 per cent of organic matter 

. 339 

■372 

•75S 

.787 

•675 


In most cases the addition of 3 per cent of organic matter decreased 
the amount of inorganic colloid matter, while i per cent had less effect. 
Apparently the state of the colloid matter was more influenced by 
organic treatment in the sandy-loam soil than in the day-loam soil. 

It is possible that the effect of the organic matter on the amount of 
colloid suspension in the above experiment is due in part to the indirect 
effect of the change in content of soluble salts. It has been found that 
the addition of organic matter to soils very appredably affects the solu- 
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bility of the soil minerals (5). The nature of the compounds thus pro- 
duced has not been investigated, nor has the effect of the by-products 
of the decomposition on the inorganic colloid matter of the soil. 

The addition of i per Cent of organic matter represents approximatdy 
10 tons dry matter per acre 6 inches. This is probably more than is 
usually applied per acre, at any one time in commercial citriculture b 
southern California. The improvement in. the physical condition of the 
soil by the addition of organic matter in the customary amounts would 
thus hardly seem to be due to any marked changes in the state of the 
inorganic colloid matter of the soil but rather to the mechanical sepata- 
tion of the soil aggregates. 

Soil from the same groves represented in Table VII was treated with 
certain organic and inorganic substances, put into pots in the laboratory 
The sods were irrigated intermittently for over a year. The soils were 
then rolled, passed through a 2-mm. sieve, and subjected to inorganic 
colloid determinations. Table VIII gives the results obtained. 


Tamk Vlir —Effect of ifie addilicn of certain organic and inorganic subs^nces fo soiU 
on the amount of inorganic colloid suspension. Substances tn contact -with the soils for 
more than a year 


iw/<sneAir«> eJ inmffanic cuUoid susMnsion. 


laorgtnic trcatiDcat. 


Orsaaic trealTDeot. 


Noor- 

guk 

treat* 

□Lent 

(soil 

B). 


Clontiol: 

Untreated 

Organic matter 
alone (3 percent) 
Lime carbonate: 

1 per cent 

3 per cent 

Sulphur: 

o. 5 per cent 

0.3 pttcent 

Sodium nitrate 

Gypsum 


a 764 


.234 


1. 306 
. 244 


3 P«r 

cent 

ina* 

□ui«. 


P-755 


• 707 
•579 


-839 

. 3X1 


3 PCT 
cent 
aUaUa. 


jo. 787 

. 614 

. 6II 


1 3P«' 
Con- I wnt 
trol. I bar- 
ky- 


lo. 853 


.991 
. 380 


Saod^ loam, 
organic treat- 
ment (soil C). 


|a 675 

• 584 
■497 


.870 

• 330 


. 260 
. 2^ 


All the clay-loam soils are from the same large composite 
. owing to the impossibility of selecting samples entirely 
soil number should be considered as a separate expe^en . 
seem evident, however, that the orgamc matter tende 
tht; flocculating effect of the Ume in the day-loam sod. The orgau. 
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niatter also counteracted the deflocculating effect of the nitrate. The 
barley was more effective in these respects than the other organic sub- 
stances. Organic matter showed po consistent effect on the flocculating 
effect of sulphur and gypsum. In the sandy-loam soil it is apparent 
that the addition of lime to the organic matter had but little effect in 
decreasing the inorganic colloid matter. 

The action of the sulphur in flocculating the, colloid matter is probably 
due to the formation of sulphates, which are good colloid precipitants. 

Groves that had been in cultivation many years contained a much 
greater percentage of colloid suspension than the corresponding native- 
soil type adjoining. 

The composition of the colloid suspension obtained from soils differ- 
ently treated was partially investigated. The colloid was obtained as 
previously described, precipitated, ignited, weighed, and fused with 
anhydrous sodium carbonate in platinum grucibles. The resulting cake 
was taken up wdth distilled water and partially analyzed. 

The soils used in these determinations had been treated as shown in 
Table IX, put in.to flowerpots, and irrigated and cultivated intermit- 
tently for over a year before these determinations were made. 


TablB analysis of whole soil and of inorganic colloid suspension obtained 

from same soil receiving certain or^nic and inorganic treatments. Cioy-hom soil from 
Mar Riverside, Cal. , of granitic origin 


Soil treatment. 

QfUoid 
in soil. 

SilicoQ 

diuxid. 

Ferric 

oxid. 

Alumi- 

Bum 

oxid. 

Cal. 

dum 

oxsd. 

MangH' 

nous 

mid. 

Phos- 

phorus 

pen. 

toxid. 


Pttteni. 

Perwa 

Percent. 

Perant. 

Percent. 

Pereent. 

Percent. 

Untreated 

0. 682 

52-0 

12.7 

27. I 

'1 

1.4 

0. 24 

3 per cent of manure 

.643 

49-9 

12-3 

27. 2 

I. 6 

I. / 

•31 

3 per cent of manure 4* 3 p®*" cent of 



12.6 





calcium carbonate 

•439 

S <-4 

27.0 

2.7 

1.9 

.19 

3 per cent of manure + .2 per cent 







.64 

of sulphur 

■578 

50. 8 

13-7 

25-5 

2.8 


3 per cent of manure + .2 per cent of 



ir.8 

27.8 




sodium nitrate 

•737 

47.0 

2.9 

1-3 

■SO 

3percentof manured- i.Sperceattrf 






.48 

iron sulphate 

■375 

49.6 

12.7 

27.9 

3-6 

2-5 

3 per cent of manure -h 3 per cent of 




26. 0 

6. 3 


62 

calcium sulphate 

. 244 

53-8 

10. 0 

3-0 

Whole soil 


61. 4 

4-7 

17-3 

3-5 

0. 6 

18 


Table IX shows the results of the partial anal}^is of the whole soil and 
of the colloid suspensions. Two evaporations were made in the silica 
determinations, but the silica residue was not purified with hydrofluoric 
acid. In th is connection it may be stated that the fused cake, when 
taken up with water, never contained any visible undissolved residue. 

The composition of the colloid suspemions from the difi’erently treated 
seals does not vary enough, to indicate any fundamental diSerences due 
to the soil treattpents, except when gypsum was added. All other 
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analyses made of colloid suspensions not here included agree in showing 
lower iron and higher silica, calcium, and manganese in this colloid 
suspension than in the other suspen^ons. The variation in the composi- 
tion of the other colloid suspensions is probably due to analytical errors 
The low silica obtained on the colloid from the nitrate-treated soil is 
probably an analytical error, as other determinations on colloid from 
similarly treated soil gave about the same percentage of silica as obtained 
on the other colloids. 

Fraps (4) found that the ammonia-soluble inorganic soil colloids varied 
in composition with the percentage of colloids in the soil. The percentage 
of silica decreased and the percentage of aluminium increased with in- 
creasing percentages of total colloid, in soils of different character and 
from different localities. 

There is a marked difference between the composition of the whole 
untreated soil and of the inorganic colloid suspensions obtained from it. 
Aside from the difference in the silica, the differences in the iron and 
aluminium are evidently significant, especially in the light of determin- 
ations made on a soil of different physical and mechanical properties. 

A heavy adobe soil from near Whittier, Cal., was treated with different 
inorganic substances. Determinations of inorganic colloid suspension 
were made, and the colloid partially analyzed.' Table X gives the results 
obtained. 


Tabls X . — Partial analysis oj VikoU soil, and 0/ inorganic colloid suspensions obtainei 
from iho same soil ^Ur ktning received dijjerent inorganic treatments. Heavy adobe 
soil, near Whitney, Cal. 


Soil ties tment. 

1 

Colloid 

ias<^ 

Silktn 1 
dioxid. 

1 

Ferric 1 

ox id. 

i 

Alu- 

minium 

oxid, 

Calcium 

oxid. 

Man- 
jcanous ' 
1 oxid. . 

! 

phorua 

pent- 

ckxid. 


P. d. 

P. d. 

P.d. 

P. rf. 

P. rf. 

P. d. ^ 

P.ct. 

Untreated 

0.623 

60.7 

”•5 

2a. 9 

2.3 

0.96 

0. 16 

Calcium carbonate 3 percent. . 


58.8 

11. 0 

31. 7 

2.4 

1. 44 

.48 

Sodium nitrate 0.2 per cent. . . 

.803 

59-1 

II. 9 

30. 7 

1.8 

I- 57 , 

•38 

Ammonium sulphate o.a per 
cent 

. 670 

58. 3 

za 4 

30. 9 

3. 0 

2.14 

•25 

Whole soil 

1 

60.8 

3-4 

1 14* * 

4*5 

•36 

,08 


The analysis of the inorganic colloid suspensions obtained from the 
adobe soil under various treatments does not indicate any fundamental 
differences in the composition due to these treatments. 

The petisentage of iron and aluminium in the colloids is markedly 
higher than in the original soil, the same relation as was found in the soil 
from Riversidp (Table IX), The per^ntage of silica in th&original adobe 
soil is about the same as in the colloid suspensions obtained from it. 

A comparison of Table IX with Table X shows that the percentage of 
iron and aluminuim in the colloid suspensions obtained from the Rjver- 
side^il is higher than that in the colloid suspensions obtained from the 
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adobe soil. The Riverside soil is very prone to form plowsole, more so 
tiian the Whittier soil. This may be due to the higher content of iron 
and aluminium in the inorganic colloid suspension. 

Stewart (7) suggests that the plasticity of clay is due to the presence of 
organic aluminium compounds. The chemical association of aluminium 
with organic substances in tbe colloid suspensions here studied has not 

been examined. 

SUMMARY 

A hard soil layer, here termed “ plowsole, ’ ' usually forms immediately 
under the soil mulch in cultivated Citrus groves in southern California. 
It often seriously limits the root system of the shallow rooted Citrus 
trees, and seriously interferes with penetration of irrigation water. After 
being broken up with a subsoiler, it reforms when cultivation is resumed. 

It does not form in mulched basins, nor seriously in groves surface 
mulched with organic matter and seldom cultivated. 

Mechanical packing is not necessary for its formation, and it forms in 
all soil types examined in the area studied. 

No greater accumulation of water-soluble iron, calcium, magnesium, 
or silica was found in the plowsole than in the soil mulch or subsoil. 

No greater accumulation of total ammonia-soluble silica, iron, alu- 
minium, or phosphoric aci3 was found in the plowsole than in the soil 
mulch or subsoil, after the calcium had been removed with hydrochloric 
add. 

The humus extract of plowsole contained more colloidal silica, iron, 
and aluminium than either the soil mulch or subsoil, but no more colloidal 
phosphoric acid. 

Both the organic and inorganic colloidal material in the humus extract 
moved toward the positive pole in an electric current. 

A conventional method for the determination of inorganic “colloid 
suspension ’ is given. 

Plowsole contained a markedly higher percentage of inorganic colloid 
suspension than the soil mulch, and usually a higher percentage than the 
sub^. 

When soils were placed in pots in the laboratory, irrigated, and allowed 
to dry, the percentage of colloid suspension was found to be appreciably 
greater in the surface soil layer than in the subsurface layer, indicating 
that the colloids moved with the capillary soil moisture. 

No relation could be observed between the percentage of inoragnic 
colloid suspensithi and the percentage of organic carbon or humus in 
the soil. 

Native uncultivated soils contained appreciably less colloid suspension 
than did similar soils which had been under cultivation for a number of 
years. 
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The decomposition of i per cent organic matter in soil had no marked 
effect on the percentage of inorganic colloid suspension; 3 per cent 
organic matter in some cases decreased the per cent of colloids. Barley 
decreased the amount of colloid suspension more than did alfalfa or 
manure. ' 

The addition of ground lime rock appreciably decreased the percentage 
of inorganic colloid suspension in the soil when no organic matter was 
added. When organic matter was added, the flocculating effect of lime 
was appreciably diminished, especially in clay loam soil. 

The addition of powdered sulphur and gypsum to soil markedly de- 
creased the colloid content, and organic matter had no appreciable effect 
in counteracting the flocculating effect of these substances. . 

The addition of sodium nitrate to soil markedly increased the colloid 
content, and the' addition of organic matter appreciably decreased the 
deflocculating effect of this compound. 

The addition of lime, fulphur, sodium nitrate, iron sulphate, ammo- 
nium sulphate, and organic matter to soils did not fundamentally change 
the composition of the inorganic colloid suspension obtained from the soil. 

The addition of gypsum to soil increased the percentage of silica, cal- 
cium and manganese, and decreased the percentage of iron in the colloid 
suspension. • 

The inorganic colloid suspension contained an appreciably higher per- 
centage of iron, aluminium, and manganese than the untreated soil. 

In soils which readily form plowsole the percentage of silica in the col- 
loid suspension was also appreciably highet than in the untreated soil. 

The percentage of iron and aluminium in colloid suspensions from soils 
which readily form hard plowsole was higher than in colloid suspensions 
from soils .which do not form a hard plowsole. 

The percentage of iron and aluminium in the colloid suspension from 
a soil was found to be directly correlated with the readiness with which 
the soil foraied plowsole. 
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